

NASA CR 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 



{NASA -CR“ 13441$) RESULTS OF REACTION 
CONTFGL SYSTEM ON-ORBIT JET SIMULATION 
USING AN 0.0175-SCALE CONFIGURATION 3 
SPACE SHUTTLE ORBITER MODEL (21-0) IN 
^Chrysler Corp.) S6 P HC $4.25 CSCL 2'H 


N75-10170 


Unclas 

G3/20 53180 


SPACE SHUTTLE 


AEROTHERMODYNAMIC DATA REPORT 


% m 
% ^ 

* 




\*n ■ 




JOHNSON SPACE CENTER 


HOUSTON, TEXAS 


Q4T4 JDd(\lagerrient services 

SPACE DIVISION A CHRYSLER 
CORPORATION 


CHRYSLER 

CORPORATION 




/on o 

DATE: . APRIL, 1975 


, 5 ^ 




PUBLICATION CHANGE 


THE FOLLOWING CHANGES -APPLY TO PUBLICATION: DMS-DR-jQ72. 


TITLE':. RESULTS OF REACTION CONTROL SYSTEM ON-ORBIT JET SIMU LATION USING 
AN 0.0175-SCALE CONFIGURATION 3 SPACE SHUTTLE ORB ITER MODEL (21-0) IN 

THE LaRC 60-F0QT VACUUM SPHERE (0A99 ) 

NUMBER: DMS-DR-2172 DATE: OCTOBER 1974 BRANCH: FLIGHT TECHNOLOGY — 


Table V, p. 27 lists the -fallowing data: 

Run # Configuration 

5 -139 Orbiter (MOD) 

LT. Pitch-up 

6 -139 Orbiter (MOD) ... 

LT- Pitch-up 

Corrected data are as. follows: 

Run # Configuration 

5 -139 Orbiter (MOD) 

LT. Pitch-down 

6 -139. Orbiter (MOD) 

LT. Pitch-down 

Prepared .by: Operation$--Maurice Moser Ur- 

Reviewed by: G. G. McDonald, U. L. Glynn^^‘ 

Approved: Concurrence: 

WSu. KempT Manger 


Impingement Forces (Lbs) 
Side . 


-.1768 


.1768 


j<La 


Data Management Services 


J/G. Swider, Manager 
Flight Technology Branch 


PAGE 


1 OF 1 


DISTRIBUTION SAME AS FOR 
ABOVE PUBLICATION 


/DdNagement services 
SPACE DIVISION CHRYSLER 


October, 1974 


DMS-DR-2172 

NASA-CR-.134,415 

RESULTS OF. REACTION CONTROL SYSTEM 
ON-ORBIT .JET SIMULATION USING AN 0.01 75-SCALE 
CONFIGURATION 3 SPACE SHUTTLE ORB ITER MODEL (21-0) 
IN THE LaRC 60-F00T VACUUM SPHERE (0A99) 


By 

J. Marroquin 
Shuttle Aero Sciences 
Rockwell International Space Division 


Prepared under NASA Contract Number NAS9-13247 


By 

Data Management Services 
Chrysler Corporation Space Division 
New Orleans, La. 70189 


for 

Engineering .Analysis Division 
Johnson Space Center 

Nation 1 Aeronautics and Space Administration 
Houston, Texas 





WIND TUNNEL TEST SPECIFICS: 

Test Number: 60-foot Vacuum Sphere R3289 

NASA Series Number:- 0A99 
Model Number: 21-0 

Test Dates: March 26-Apr.11 .12, 1974 ... 

Occupancy Hours: 52 

FACILITY. COORDINATOR: 

Dav.id R. Stone 
Mall Step 163A 
Langley Research .Center 
Langley Station 
Hampton, Virginia 23665_ 

Phone: (804) 827-2843 

PROJECT ENGINEERS: .. 

Ira E. Tilley III 
OSD-Tech.. Support Section A 
Mail -Stop 419, Bldg. 1250 
Room 123 

Langley Research Center 
Hampton, Virginia 23665 

Phone: (304) 827-3101 

AERODYNAMICS ANALYSIS ENGINEER: 

Dan W. Hersey 
Rockwell International Space Division 
12214 Lakewood Boulevard 
Dept. 390, Mail Code AC07 
Downey, California 90241 

DATA MANAGEMENT SERVICES; 

Prepared by: Liaison— D. A. Sarver, M. J. Lanfranco 

Operations— Maurice Moser, Jr. 

Reviewed by: G. G. McDonald, J. L. Glynn 

Approved: tr^/2^ Concurrence: . 

N;. 07 Kemp, Manager J./G. Swider, Manager 

Data Management Services Flight Technology Branch 

Chrysler Corporation Space Division assumes no responsibility, for the data 
presented other than display characteristics. 


John Marroquin 
Rockwell International 
Space Division 
12214 Lakewood Blvd. 

Dept. 390, Mail Code AC07 
Downey, California 90241 

Phone: (213) 922-4185 


ii 


I 


RESULTS' OF REACTION CONTROL SYSTEM 
ON -ORB IT_ JET SIMULATION USING AN 0. 0175-SYSTEM 

CONFIGURATION 3 SPACE . SHUTTLE ORBITER MODEL. (21-0) 

IN THE LaRC 60-F00T VACUUM SPHERE (0A99) 

By J. Marroquin, Rockwell International Space Division. 

ABSTRACT 

An experimental Investigation was conducted in the Langley. Research 
Center 6Q-foot. Vacuum Sphere (tast.0A99) from March 26 through April 12, 
1374, to obtain detailed effects of the RCS jet flow direct impingement 
on the Orbiter during on-orbit flight of the Space Shuttle Vehicle. 
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INTRODUCTION 



An experimental investigation was conducted, -Manch 26 through- April 
12, 1974, to determine RCS direct impingement effects on the Space Shut- 
tle Vehicle during On-orbit flight. Lanqley Research Center 60-foat 
Vacuum Sphere. was the test site; Orbiter Model 21-0 was used. Nominal 
test conditions are in Table. I. ._ 

RCS flow. was simulated by blowing a jet of cold air from nOn-metric 
nozzles attached to the_model sting support system near the fuselage- base 
(figure 2d). Thrust was. obtained by setting the nozzJe plenum pressure 
(as specified bythe nozzle calibration).. Nozzle thrust was measured by 
a 10 lb. capaoity load cell. Nozzles were. calibrated at near vacuum-con* 
ditions and corrected to total vacuum conditions. - A plot of bath mea- 
sured and theoretical, thrusts as a function of model plenum pressure i s 
in figure 21.. 

Three-RCS on-orbit flight conditions were simulated— Six-compOnent. 
force data were measured on the complete model using the LaRCO. 50-inch 
diameter balance (number HH09). It was supported by a- LaRC sting. 

Six force data runs, including three re-runs, were recorded at var- 
ious sphere pressure levels and displayed on oscillograph. recorders. Model 
pressure data, applicable to several altitudes, were obtained for two RCS 
modes. using a durrttny sting. 

Two .pressure. hook-ups were used. One hook-up, used dur-ing tests Of 
pitch down, jets (N 70 ), measured pressures on -the wing, bodyflap, SLSM£, and 

fuselage- (see Table IVa). The other hook-up, used during tests of pitch*, 
up jets (Ngg) , measured pressures on the vertical tail (see Table IVb)< 
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NOMENCLATURE 

general 


Symbol 

Plot 

Symbol 

Definition 

6 BF 

BDFLAP 

bodyflap deflection angle, degrees 


ELEVTR 

elevator deflection angle, degrees 

6 rf 

RUDFLR 

rudder flare angle, degrees 

a 

ALPHA 

angle of attack, degrees 

3 

BETA 

angle of sideslip, degrees 

p a 


atmospheric pressure, psia 

*Vef 

BREF 

Reference, and C. G. Definitions 
wing span or reference span, ft 

''ref 

LREF 

reference length or wing mean aerodynamic chord, 

S ref 

SREF . 

2 

wing area or reference area, ft 

MRC 

MRC 

moment reference center 

C.G. 


center of gravity 

N 

NF 

Body-Axis System 

normal force, lbs 

A 

AF 

axial . force, lbs 

Y 

SE 

side force, lbs 

m 

PM 

pitching momeni, in- lbs 

n 

YM 

yawing moment, in-rlbs 

i 

RM 

rolling moment, in-lbs 
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NOMENCLATURE (Concluded) 
Additional Nomenclature 




Symbol 

Pc. 

P V1 . 
PV2 
Tc 
TV 

A* 

Aref 
e . 

m 

TH . 

Y 

e 

e P. 

X 

4 > 

RCS 

SSME 

QMS 


Plot. 


Definition 

model. RCS plenum chamber .pressure, pija. 
sphere pressure prior to run, mj crons 
sphere .pressure, after run, micron* 
model plenum chamber temperature, °F 
sphere chamber temperature, °F 
Simulation Nozzle Design 

. 2 

nozzle throat area, in 
. 2 

reference area, in 
exit 

mass flow rate of the nozzle, lbm/sec 

vacuum thrust of the nozzle, lbf 

specific heat 

expansion ratio 

nozzle lip angle 

plume shape parameter 

Newtonian impact angle 

Abbreviations 
reaction control system 
space shuttle main engines 
orbiter maneuvering system 

main propulsion system 
left hand side 
right hand side 


MPS. 

L/H 

R/H 
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CONFIGURATION INVESTIGATED. 

The test article (provided by Rockwell) was an 0.0175-scale model 
(21.-0) of the VL70-000139 definition of the SSV Orbiter Configuration 3. 

The model was constructed of light weight, glazed cast foam with fixed 
control surfaces. A three-view drawing of the model showing the prin- 
cipal dimensions and ...photographs of' the model installed, in the chamber 
are shown. in figures 2a. and 3a, respectively. 

The model was installed vertically in the LaRC 60-foot. Vacuum Chamber.. 
The RCS plenum-nozzle assembly was non-metrically attached .to the sting,. 
Nozzle Ngg (yaw control) and N 7 Q (pitch down control) was located cn the 
left side of the RCS plenum. Nozzle N 59 (pitch up control) was located 
on the plenum right side. Each nozzle contained two orifices, through 
which cold air flowed, as shown in figure 2e. Orifices were plugged on. 
non-firing nozzles. 

The fol.l owing nomenclature was used to designate the model components: 

0 = B ] 7 C 7 E 22 F 5 Mg Ngg R 5 V5 W]03 
Component Defi nition 

B 17 Vehicle configuration 3 fuselage lightweight Orbiter per 
11 Rockwell lines VL70-.000139. . 

C 7 Basic vehicle configuration 3 canopy per Rockwell lines 

' VL70-000139 

E «5 Basic. vehicle configuration 3 elevon per W 103 Rockwell 

lines VL70-000139 

Fc Basic vehicle body flap 3 configuration per Rockwell 

lines VL70-00Q139 

M, Modified OMS^RCS pod for the Rockwell SSV configuration 3 

(VE7 0-000139) 
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39 


*5 

^5 

W 103 


Configuration 3A MPS noz2les 


Basic vehicle 3 configuration rudder per Rockwell lines 
VL70-000Q95 


Basic vehicle configuration 3 light weight Or bn ter. Center- 
line vertical tail doublewedge airfoil with._rounded leading 
edge. VL.70-000139 and VL70-000095 


Vehicle configuration 3 wing per lines VL 7 Q-Q 00139 (same plan 
form as Wgg except dihedral, at T.EJ, , 


RCS Nozzles 

W 68 

N 69 

N™ 


L/H yaw nozzle, not canted 
r/H pitch up,, not. canted 

L/H pitch down, canted 12” AFT and 20” outboard . 



RCS NOZZLE DESIGN 


The simulation technique employed for the .nozzle design was based on 


the. anaJyti cal .method o.f Hill and Draper, in which a single, unique para- 


meter was derived. that closely approximates the internal iso-properties 
Of a .vacuum plume. _The correlation between test and full-scale flight 


forces, moments, and pressures Is summarized below. 



full scale 

PCS Jet. Characteristics 


Chamber Pressure, P £ 

150 psia 

Chamber-Temperature, T c 

5450°R 

Specific Heat, y 

1.232 

Nozzle Throat Area A* 

3.619 in 2 

Expansion Ratio, e 

20 

Nozzle lip Angle, e p 

9 6 

Exit Area, A e 

72.382 in. 2 

Exit Mach No., M e 

3.93. 

Mass Flow Rate, m 

3.287 Ibm/sec 

Vacuum Thrust, TH 

950 Ibf. 

Simulation Parameter 


Plume Parameter, X 
Throat Area Ratio (A*/A -.) 
Total pressure Ratio reT 

4.74 

3.619 

5.47 x 10 y 


model 


1000 psia 
530 °R 
1.4 

0. 0011 045 in.. 2 
6.2 
10 ° 

0.00685 in. 2 


3.4 . 


0.0242 Ibm/sec 
1.78 Ibf . 


4.74 (matched) 
3.619 (matched) 
5.45 x 10' (close) 
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RCS NOZZLE .CALIBRATION 


The.RCS nozzles ware calibrated in the intermittent blowdown-vacuum 
test section 7' x 5' x 16' Test Chamber Rocket Nozzle Test Facility at 
the Los Angeles. Division from 13 through 15 March , 1974. . The calibration 
determined nozzle thrust as a function of plenum, chamber. pressure (P ). 

Test chamber and nozzle plenum chamber pressures were recorded by a 
dial gage, Nozzle thrust was measured by a Revere No. 244267, lO-.bcapa 
city, load cell. .All three nozzles were calibrated under near vacuum con- 
ditions to simulate the same on-orbit flight conditions tested in the 
LRC vacuum sphere;, see Table I. Calibration results are shown in figure 
21 . 
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TEST FACILITY DESCRIPTION, 


The 60-foot Vacuum Sphere at Langley Research Center., Hampton ,. Vir- 
ginia is shown In figure 3.. This cell i.s capable of simulating. pressure 
altttudes_aver 91.5 Km. (300,000 ft.)., Evacuation is continuously maintain 
ed by six oil diffusion pumps.. 

Test 0A99.data were recorded within 570. milliseconds, after RCS jets 
commenced firing .to maintain adequate. pressure altitude. A high speed 
electronically operated,, hydraulically controlled valve (located outside 
and under the test chamber) was . used to control RCS jet. flow. . The valve 
was operated with hydraulic pressures between 450 psia and 1000 psia. 

Vacuum chamber initial pressure, .final pressure, and nominal tem- 
perature are presented in Table I for each run. 


DATA REDUCTION 

Force and moments measured, by the Orbiter internal strain-gauge bal- 
ance were reduced about the MRC X 0 = 1076.68, Z 0 » 375.0, and Y 0 = 0.0 
(Table V}_. 

Pressure-data were obtained on. three oscillograph recorders and hand 
reduced (Table VI). 


REFERENCES 


Pretest Information for test of the 0.0175-Scale Space Shuttle Orbiter 
Model 21-0 Configuration 3 in the LRC '60-foot Vacuum sphere to De- 
termine RCS direct Impingement data for the 139 Orbiter during on- . 

i ght conditions. (0A99), Rockwell International Report 
SD74-SHr0143, dated March 18, 1974. 

Drawings. 

Rockwell Drawing VL70.-Q00Q94,. Lines Control Aft Body, OMS RCS Pod, 
Configuration -139. 

Rockwell. Drawing VL70-000095, Lines Control Vertical Tail, 
Configuration 139. 

Rockwell Drawing VL70-000139A, Lines Study Orbiter, Preliminary 
Vehicle 3. 

Rockwell Drawing VL70-008401 (for information only) OMS/RCS 
Aft Fuselage Pod-Equipment arrangement, Integrated Structure 
MCR 428. 

Rockwell Drawing SS-A01231, dated March 5, 1974, Modification 21-0 
Plastic Master for Langley 60-foot Vacuum Sphere. 

Rockwell Drawing SS-A01232, dated March 4, 1974, Instrumentation 
and assembly 21-0 Plastic Master, Langley 60-foot Vacuum Sphere. 
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TABLE I. - JTest Conditions 





a sq S 

^ a 

EES 

M 

gg* 
a s.a 
• - • 

M CO< 
CO CO w 

w w ^ 

g.ea 


O O O Q O 

ITS ITS H r-UA 


§ 

& H 


OOOOOO iTs-d-O 0\-4 o O 00 CM CM so 


OH OJ QlACVl 

r-t cm cu. inn cm 


p- o\o ** P-H CTNCO H on 
^ CM rn^-.-MO H OJ CD tr\VO 


o 

p-t « o 

g; g w 

* 2 


m ir\m O O toostocvi H 0 4 4 ^ OJ SO 


^tvo OJ Ol O ON 
CM 


H H LTN ON OJ VD OH 0 O\O 00 
on^t Hf 04 H OJ f 04 


_J> Ch 
^ o 


n q m m cm cy 
0 \ 0 \ 0 \ o\oo co 


so vo oo co p- N- irur\ u\ uvir\ 

p-t— P^P-..P- hpCOCO 00 00 iO . 


o h 

e-t o 


mm o O 
co ,co coio. 


ON 0 N 4 i* .4 - 4 * 4 f* 

p- fc- o o o o o 

H H H H rrl 


oo oo os q> p o p 
soso so vo £r t p-< 
a a ss -a -a s fa 


H CM nrl^f javo 


P-ca,o\ 6 h c\J m^j* irvvo P- 

H-rH H H H H H rl 


- 4 * 

.4 -4 -- 4 “ - 4'' -4 -4 P- P~ P~ 

c — t— c — t P-- JL * 1 

I t I t i I OOH 

m m-4 -4 LTs LTV HtH h 
i i i i i i ill 

-4 -4 


14 




7 E 22 f ^ M 6 w 39 R 5 V 5 V 103 


































































* REVISED 4/24/74 

TABLE IU * - model DIMENSIONAL DATA - Continued. 

MODEL COMPONENT : CANOPY - C 7 

GENERAL DESCRIPTION • _ Configuration 3 per Rookvell Lines VL70-000139 



spat.?. 


DRAWING NUMBER : __ VL7n-nnm 


DIMENSIONS 


FULL SCALE 


♦Length ( 3 ( 0=433 to 3^= 578) IN. PS _ 145.00 
Max Width 57 t iij. 

Mox Depth 


MODEL SCALE 

2-538 

9.99950 


Fineness Ratio 
Area 


Max. Cross-Sectional 



TABLE III. - MODEL DIMENSIONAL DATA =. Continued. 
MODEL COMPONENT: ELEVON - B& . 

GENERAL DESCRIPTION: _3 Configuration per Rockwell Lines 
VL70-00013Q data f or (1) of (2) sides. ■ 


MODEL SCALE; 0.0175 

DRAWING NUMBER : VL70-000HQ 


DIMENSIONS: 

Area - Ft 2 

Span (equivalent) - .In^, 

InD'd equivalent chord 

Outbid equivalent chord 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv.. chord _ 

" At Outb'd equiv. chord 

Sweep Back Angles.*, degrees 

Leading Edge 

Trailing Edge 

Hlngel 1 ne 

Area Moment (Normal to hinge line) pt3 


FULL-SCALE ' 

205.52 

— 353.34 
114.78 

- 55-00 

0.208 
2J& Q, 

OJM- 

10. 2 A . 

CLQSi 

-ISULttL— 


MODEL SCALE 

—0-0 &22L 
6.1834 5 
2.00C65 
o. 96a r ; 

0.208 

0.400 

_flL2a 

- ir>.g>k 
0-00 

■ O.OOflPO 
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DRAWING NUMBER : 


VL70 -POPUP 


DIMENSIONS : 

Length- In._ 

Max Width - In. 

Max Depth 

„ Fineness Ratio 

Area - Ft 

Mox. .Cross-Sectional 


FULL SCALE 

84.70 

2 £ 3L£ 


142.51Q5 


MODEL SCALE 

1 .4822 S 
4 - 88^0 


0.04^64 


Plonform 





DRAWING NUMBER ' _ VL70-000HQ 

DIMENSIONS : .. FULL SCALE MODEL SCALE 

. Length (OMSFvd. Sta X Q = 1233 . 0 ) 327.000 5.7225 

Mox Width (@ X Q = 1450.0) lOQ.OOO 1.9075 

Mox Depth 

Fineness Ratio 
Areo 

Mox.. Cross-Sectlonol 
Plaolorm 

Wetted 
Bose 





TABLE III. - MODEL DIMENSIONAL DATA' <* Xontlnued. 
MODEL COMPONENT s * 

GENERAL DESCRIPTION ! . C onfiguration V-. MP3 Rozzl^a. ^gw. 


MODE L SCALE ■ 0 
D PENSIONS 

Mach No. 

Length ~ in. - 


FULL SCALE 


MODEL SCALE 


Gimbal Point to Exit .Plana 

Tiiroat to Exit Plane 


Diameter ~5.n. 


?L.000 


1.64? 


Throat 

Inlet 

Area~ft^. 


Throat 

Global Point (station) ~in. 

Upper Nozzle 
X 

Y 
Z_ 

Lover Nozzles 

X 

Y 
Z. 

Null Position ~deg. 

Upper Nozzle 
Pitch 
Yaw 


NOT USED 


— 25-5&5 — 
+ 0 . 027S. 


Lower Nozzles 
P 
Y 


♦REVISED 4/34/74 

TABLE III. - MODEL DIMENSIONAL-DATA - Continued 
MODEL COMPONENT j RUDDER * R e 


GENERAL DESCRIPTION: __SA, 3 and 3A Confl, 


VL70-0000 


DRAWING NUMBER; 


oration pgr Rockwell 


DIMENSIONS : 

*Area - Ft 2 

Span (equivalent) - i n . 

Inb'-d equivalent chord 

Outb'd equivalent chord 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equlv. chord 

At Outb'd equlv. chord 

Sweep Back Angles., degrees 

Leadl ng Edge 

Trailing Edge 

Hingeline 

* Area. Moment (Product of Area & c) - Ft 3 
♦Product of Area and Mean Chord Ine . 


FULL-SCALE 


100 . 1 ; 


o.4oo 

o.Loo 


26 . 2 « 



f *W' rv*\"+>' 


TABLE III. -..model DIMENSIONA.’. data - Continued. 
MODEL. COMPONENT; VERTICAL - 

GENERAL DESCRIPTION^ Centerline Vertical Tail. doublewBdpe n^ r 
rounded leading ed«e. 


MODEL SCALE 


DRAWING NUMBER: 
DIMENSIONS ; 
TOTAL DATA 


Area (Theo) - Ft^ 

Plan form 
Span (Theo) - In 
Aspect Ratio 
Rate o.f Taper 
Taper-Ratio 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0,25 -Element Line 
Chords; 

Root (Theo) WP. 

Tip (Theo) WP 
MAC 

Fus. Sta. of .25 MAC 
W. P. of ,25 MAC . 

B. L. of .25 MAC • 

Airfoil Section 

Leading Wedge Angle -Deg 
Trailing Wedge Angle Deg 
Leading Edge Radius 
Void Area 
Blanketed Area 


FULL-SCALE 




268. SO 
108.L7 


10.000 


— 4 ^ 000 — 




1 0.000 
- 0.0 3SQ 




. ■' Y. 






n#nODUcmiLiTY OF Wi 

ORIGINAL PAGE IS POQfc 


TABLE LI I. - MOOEL DIMENSIONAL DATA - Concluded. 
MODEL COMPONENT: WING_-W_ 


T.VJ- 


SENEGAL DESCRIPTION : rorfin^ 'Hnn R Orbits ner Liner. VT.7Q -POOL 32* 



TEST NO. 

DIMENSIONS: 

TOT AL OATA 2 

Area Oneo.) .-Pt- 
Planform 
Span (Theo In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees . _ 

Sweep Back Angles, degrees 
Leadl Edge 
Trail-. . Edge 
0.25 Element Line 
Chords: 

Root (Theo) B.P.Q.O. 

Tip, CTheo) B.P. 

MAC 

Fus. Sta. of .25 MAC 
__ W.P. of .25 MAC 
B.L. Of .25 MAC . 

EXPOSED DATA 2 
Area iineo) - Ft 
Span, (Theo) - In. BP108 
Aspect Ratio 
Taper Ratio 
Chords 

Root BP108 
Tip.1.00 b 

7 

MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC j 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 . 

Root b, • 

T 

Tip ^ ■ 

Data for (1) of (2) Sides 
. Leading Edge Cuff 9 
Planform Area - Ft* 

Leading Edge intersects Pus M« L. “ 5tt 
■ Leading Edge Intersects Wing 8 Sta 

24 
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TABLE VI. RCS DIRECT IMPINGEMENT PRESSURE DATA 


RCS Jet Group; Right side. Up-firing 


R 







directions 



Axis Systems 








DXMEBSX0B3 








Modified OMS Pod and RCS Nozzle Location 

















Block Installation 





N0Z7LB 



Configurations 
































LOCATION 


l/h wins surface pressure taps (19) 
*o V "I 0 


1320 


22$ 

( 19 ) pressure .taps located on 

THE UPPER L/H WING SURFACE 

1320 


281 

♦ 

1320 


340 



1370 


170 



1370 


22$ 



1370 


281 



1370 


340 



1370. 


400 



1424 


130 



1420 


170 



1418 .... 

— 

22$ 



1414 


281 



1412 


340 



1408 


400 



1478 


135 



1472 


170 



1466 


22$ 



1456 


281 


1448 


340 

(19) PRESSURE TAPS LOCATED 
ON THE UPPER L/H WING SURFACE 


f. Pressure tap Locations 
Figure 2 . - Continued. 


s- 

BODY FLAP PRESSURE .TAPS (6) 


TAP 

NO. 

*° 1 
x° 1 

LOCATION 


20 • 1556 85 ( 6 ) PRESSURE TAPS LOCATED OK 

TEE UPPER L/H SIDE OF BODY FLAP 


21 

1556 

112 

1 


22 

15.82 

58 



23. 

1582 

106 



24 

1604 

75 



25 

1604 

100 

( 6 ) PRESSURE TAPS LOCATED ON 


THE UPPER L/H SIDE OF BODY FLAP 


SSME NOZZLE BELL PRESSURE TAPS (3) 


TAP 

NO. 

Xo 

X 0 

LOCATION 

' 


mmmmm 


33 

1556 

f, THRUST 

FWD UPPER CENTERLINE OF THRUST 
OF SSME NOZZLE BALL. 

34 

1604 

f, THRUST 

AFT UPPER CENTERLINE OF THRUST 
OF. SSME NOZZLE BALL 

35 

1582 

30° OFF 
CENTER 

LEFT HAND SIDE OF SSME NOZZLE 
BELL LOOKING FWD, 30° CCW FROM 
CENTERLINE OF THRUST 


Pressure Tbp Locations. 

Figure 2f. - Concluded. 
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I w 10 " ~L. *0 1528.3 

*o *35? 

Xo 1369.0 

g. L/H Lower Aft fuselage Pressure Taps 
Figure 2. - Continued. 





f * 


Pressure lfcp Locations 

v. ' 

\ 
i 



Figure 2g. - Concluded. 
39 
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VERTICAL TAIL (R/H) PRESSURE TAPS (15) 


TAP 

NO. 

*0 


*0 

LOCATION . 

50 

1533 



740 

R/H SIDE OF THE VERTICAL 
TAIL AND RUDDER 

49 

1495 


700 

1 


48 

1460 


660 



36 

1616 . 


780 



37 

1587 


740 



38 

1557 


700 



39 

1528 


660 



4o 

1500 


620 



41 

1471 


580 



42 

1641 


740 



43 

H* 

OS 

VO 


700 


• 

44 

1596 


660 



45 

1576 


620 



46 

1553 


580 

1 

\ 

47 

1423 


620 

R/H SIDE. OF THE VERTICAL ' 


TAIL AND RUDDER 


Pressure Tap Locations 

FJgure 2h. - Concluded. 
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REPRODUCIBILHY op trp 

original page is poor 





RCS Nozzle Calibration 



Figure 3. - Model photographs. 



RCS Nozzle Bloc 




c. Pressure .Tap and Transducer Installation Photograph-Plan View 

Figure 3. - Continued. 
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Figure 4. * Impingement Pressures on the Orblter Fuselage, Body Flap 

and SSME Nozzle Bel 1 . 
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